To evaluate dierent methods of estimating bovine carcass composition, seventy yearling bulls of the``Asturiana de los Valles'' beef breed were slaughtered and their carcass composition estimated by a commercial dissection of the right half-carcass and by tissular dissection of the 6th and 10th rib of the left half-carcass. Correlation and regression analyses were used to identify the most accurate predictors of carcass composition. In simple regression, the percentage of lean in the 10th rib was the most accurate predictor (r=0.88; P<0.001) of the lean proportion in the carcass and the percentage of fat in the 6th rib was the best predictor (r=0.90; P<0.001) of the carcass fat content. The correlation coecients for estimating the bone percentage in the carcass from the bone proportion in the ribs (6th and 10th) were low (r=0.63 and 0.51 respectively), although signi®cant (P<0.001) and the coecient improved when the proportion of lean in the ribs was used as predictor (r=0.78 and 0.70 for the 6th and the 10th rib respectively). In multiple regression, the addition of more regressors of the rib composition and carcass traits, such as carcass hot weight, the carcass fatness score and the weight of the kidney knob and channel fat, led to an improvement (P<0.05) in accuracy for some predictions. The results in general show that the accuracy of the predictions for the carcass composition obtained from dissection of both the 6th and 10th ribs was similar, although the dissection of the 10th rib tended to overestimate the proportion of fat in the carcass. Therefore, considering the carcass quartering method for the extraction of the ribs, it is proposed that dissection of the 6th rib is more appropriate than dissection of the 10th rib so as not to reduce the carcass value and obtain a good estimate of the carcass composition. #
Introduction
The carcass quality is determined by dierent characteristics that determine its relative value to the meat industry. The main parameters of carcass quality are lean and fat proportions, lean:bone ratio and saleable meat yield . These can be measured accurately by full carcass dissection, but this is a time consuming, destructive and expensive process, therefore predictors are often used and equations developed relating such predictor values to the parameter of interest.
Indirect methods for carcass composition assessment can be based on in vivo or carcass measurements. The prediction from live animals is important in evaluating meat animals for marketing or genetic selection purposes and is based mainly on handling score (Renand & Fisher, 1997) , ultrasound technology (Houghton & Turlington, 1992) or the diameter of subcutaneous adipose cells (Robelin & Agabriel, 1986) . The main carcass traits used as predictors of the carcass composition in beef carcasses are carcass weight, subcutaneous fat thickness, eye muscle area and dissection of a rib joint (Robelin, Geay & Beranger, 1974; Robelin & Geay, 1975a,b; Jonhson & Baker, 1997) .
When performing a dissection of a joint of the carcass, it is important to follow a standardised approach for cutting the samples and separating the tissues. The EU standard method for beef dissection proposes quartering of the carcass behind the 13th rib by a curve cut with the knife held against the bone (Williams & Bergstrom, 1980) . But this method requires cutting one of the joints of highest value in the carcass, which produces a high devaluation of the carcass. Robelin and Geay (1975b) proposed the dissection of the 6th rib, extracted from the carcass by a straight cut, to obtain a good 0309-1740/00/$ -see front matter # 2000 Elsevier Science Ltd. All rights reserved. P I I : S 0 3 0 9 -1 7 4 0 ( 0 0 ) 0 0 0 9 2 -9 Meat Science 57 (2001) 185±190 www.elsevier.com/locate/meatsci estimation of the carcass composition of young males of dierent breeds (Frisonne, Charolaise, Limousine, Salers) . This part of the rib joint is easier to cut because it is located at the point where the carcass is quartered for commercial purposes, and thus the devaluation of the carcass is less. The aim of this work was to compare the accuracy of the prediction of the carcass composition of yearling bulls of``Asturiana de los Valles'' from dissection of two dierent rib joints: the 6th rib (obtained by a straight sawcut at the point where the carcass is quartered for commercial uses) and the 10th rib (extracted by a curve cut from the middle of the rib joint).
Materials and methods

Animals and management
Seventy yearling bulls from the``Asturiana de los Valles'' breed were used, 35 in 1997 and 35 in 1998. Thè`A sturiana de los Valles'' is a beef breed of North Spain adapted to extensive production systems and with a high percentage of double-muscled animals.
The calves were managed with their mothers from birth (winter) to weaning (October). After weaning the male calves were fed with concentrated (84% barley meal, 10% soya meal, 3% fat, 3% minerals, vitamins and oligoelements) and barley straw ad libitum in the housing facilities of the Institute. Animals were slaughtered on reaching a mean live weight around 500 kg. Slaughtering was performed in a commercial abattoir according to routine procedure in 11 batches corresponding to 6 days of slaughter in 1997 and 5 days in 1998.
Measurements
The yearling bulls were weighed twice (the day of slaughter and the day before) to get the ®nal live weight. After slaughtering and dressing, the hot carcass weight was recorded and the carcasses were chilled at 3 C for 24 h before measurements were made.
The day following the slaughter, the carcasses were classi®ed for conformation and fat cover by a trained and experienced evaluator, according to the EUROP system, using a scale from 1 to 15 for conformation, with 15 being the best conformation, and a scale from 1 to 5 for fat cover, with 5 being the thickest fat cover. The kidney knob and channel fat was removed and weighed.
The left half carcass was quartered between the 5th and 6th thoracic vertebrae with a circular saw, as used commercially, and two ribs were extracted as follows:
. The 6th rib was extracted by a straight cut perpendicular to the vertebral axis, from the middle of each intercostal space to the vertebrae, cutting the length of the bone at the limit of the serrato dorsal muscle (Robelin & Geay, 1975b) . . The 10th rib was extracted by a curve cut with a knife held against the bone (Williams & BergstroÈ m, 1980) , cutting the length of the bone at the level of the diaphragm with a saw.
The total weight of each rib was recorded at the laboratory. The longissimus thoracis muscle was separated and weighed and the rest of the rib was frozen at À20 C. Two days after slaughter, the right half of each carcass was dissected according to commercial practice; this involved a close trimming and deboning of the lean (except the ribs, that maintained the bone). The total dissected weights of lean, bone and fat were recorded. The total weight of the rib joint was recorded as lean. Other tissues (blood vessels, ligaments, tendons) were recorded as bone.
The 6th and 10th ribs were stored at À20 C until dissection. Then, they were thawed overnight at 4 C and dissected into lean, fat (subcutaneous and intermuscular), bone and other tissues (blood vessels, ligaments, tendons). Other tissues were recorded as bone.
Statistical analysis
Regression analysis was used to relate carcass composition traits, obtained from commercial dissection of the right half-carcass, with the predictors obtained from dissection of the 6th and 10th ribs of the left half-carcass. The dependent variables, re¯ecting carcass composition, were % lean (lean weight/carcass weight), % fat (fat weight/carcass weight), % bone (bone weight/ carcass weight) and lean to bone ratio (lean weight/bone weight). Independent variables were the measurements of the composition of the 6th and 10th ribs ( % lean, % fat, % bone, lean:bone ratio), and other carcass traits: carcass weight, fatness score and kidney knob and channel fat weight. The regression analyses were performed with the SPSS 6.1. (1994) personal computer programme and the independent variables were selected by the stepwise method. Relationships between variables were assessed by Pearson correlation coecients and the accuracy of the predictions were described by the residual standard deviation of the regressions.
Means, standard deviations and coecients of variation of the carcass composition traits are reported in Table 1 . The sample of 70 animals was relatively homogeneous in the proportion of lean, bone and fat in the carcass (the maximum standard deviation was 3.34 for the % lean). The largest variability was observed in fat content, with a coecient of variation of 32.83 for the fat weight and 35.39 for fat percentage. The data indicate that the carcasses were lean (from 2 to 12% fat) which are characteristics of the``Asturiana de los Valles'' breed. This is a beef breed with a high percentage of double-muscled individuals and produces carcasses of good conformation and low fat cover.
Results and discussion
The data obtained from dissection of both the 6th or 10th ribs gave lower proportions of lean and higher of fat and bone than obtained from dissection of the halfcarcass, shown in Table 1 (lean: 76.0% in the 6th rib, 73.1% in the 10th rib, 80.6% in half-carcass; fat: 8.5% in the 6th rib, 10.2% in the 10th rib, 6.4% in the halfcarcass; bone: 15.6% in the 6th rib, 16.7% in the 10th rib, 13.1% in half-carcass). This could be due to the commercial dissection of the right half-carcass, that would produce a slight overestimation of the lean content since some lean joints contain small amounts of intermuscular fat and the rib joint was weighed with bone, although it was recorded as lean. However, it is clear that the composition of the 6th rib was more similar to that of the carcass for all the composition traits, with a higher percentage of lean and lower percentage of fat and bone than the 10th rib. (Figs. 1±3) .
The variables that contributed signi®cantly to the prediction of the carcass composition traits in a simple regression are shown in Table 2 . There was a signi®cant correlation (P<0.001) between the proportion in the half-carcass of lean (CL), fat (CF), bone (CB) and lean:bone ratio (L:B) and its proportion in each rib (L6, F6, B6, L6:B6 in the 6th rib; L10, F10, B10, L10:B10 in the 10th rib). The highest correlations were between CF and the fat proportion (F6 and F10) in the rib joints (r= 0.90 and 0.87 respectively; P< 0.001) and between CL and the lean proportion (L6 and L10) in the ribs (r= 0.87 and 0.88 respectively; P< 0.001). These coef®cients are higher than obtained by Vallejo, Gutierrez, Gima et al., (1992) when comparing the tissular composition of the carcass with that of a rib joint extracted at the 11th and 12th rib (r= 0.58 for fat, r= 0.62 for lean) in yearling bulls of the``Asturiana de los Valles'' breed. However, the coecients of regression between the bone proportion in the carcass (CB) and that of the Fig. 1 . Relationship between the lean proportion in the half-carcass and the lean proportion in the ribs (6th,+10th). Fig. 2 . Relationship between the fat proportion in the half-carcass and the fat proportion in the ribs (6th,+10th).
6th or 10th ribs (B6 and B10) were lower (r=0.63 and 0.51 respectively), although signi®cants (p<0.001). These results are similar to the results obtained by Vallejo, Gutierrez, Alonso et al., (1992) and Vallejo, Gutierrez, Cima et al., (1992) , who obtained low correlations when estimating the bone proportion in the bovine carcasses from the bone proportion in a rib joint. There was a signi®cant improvement (P<0.05) in the estimation of the bone proportion in the carcass (CB) when using as predictors the lean proportion (L6 and L10) in the ribs (r=0.78 and 0.70 respectively; P<0.001). These variables (L6 and L10) also gave the best prediction of the lean:bone ratio (L:B) in the carcass (r=0.83 and 0.77 respectively; P<0.001).
When calculating multiple regressions (Table 3) that included all the rib composition traits (%lean+%fat +%bone+lean:bone) and some carcass traits, like carcass weight (CW), fatness score (F) and the kidney knob and channel fat weight (KKCF), there was a signi®cant (P<0.05) improvement of the prediction of the lean proportion in the carcass. The 6th rib traits, lean and fat proportion (L6+F6) or fat and bone proportion (F6+B6), were the most accurate contributors to the prediction of the lean proportion in the carcass (r=0.91, r.s.d.=1.37, P<0.001) and explained 84% of the variance of the carcass lean content (R 2 =0.84), better than the 10th rib traits, lean and fat proportion (L10+F10), which explained only 79% (r=0.89, r.s.d.=1.52, P<0.001). The use of more regressors (dierent rib components or carcass traits) did not lead to an increase in the accuracy of estimation of the lean proportion.
In estimating the fat proportion of the carcass (CF), the best prediction was obtained from the composition of the 6th rib, using as single predictor the fat proportion in the rib (r=0.90, r.s.d.=1.01, P<0.001, Table 2 ). The addition of more regressors did not give any signi®cant improvement.
When estimating the bone proportion of the carcass (CB), the best prediction was also obtained from the 6th rib composition, especially from the proportion of lean, explaining 61% of the variance (r=0.78, P<0.001, Table 2 ). The use of two predictors (proportion of bone in the ribs plus CW or F) gave signi®cant regressions, but did not improve the prediction (r=0.68 and 0.72 for B6+CW and B6+F, r=0.58 and 0.65 for B10+CW and B10+F, respectively, Table 3 ).
The best prediction of the lean:bone ratio (L:B) in the carcass was again obtained from the proportion of lean in the 6th rib (r=0.83, r.s.d.= 0.52, Table 2 ) and the use of more predictors did not improve the prediction. Fig. 3 . Relationship between the bone proportion in the half-carcass and the bone proportion in the ribs (6th,+10th). Table 2 Correlation coecients and residual standard deviations of simple regressions between the half-carcass commercial dissection traits and the composition of the 6th and 10th rib These results show in general a better prediction of carcass composition from dissection of the 6th rib than the 10th. This agrees with results obtained by Robelin and Geay (1975a,b) , when calculating the carcass composition of young bulls of dierent breeds (Frisonne, Charolaise, Limousine, Salers) from the tissular composition of the 6th (Robelin & Geay, 1975a) or the 11th rib (Robelin & Geay, 1975b) . These authors found that carcass weight plus the proportion of lean and fat in the 6th rib (Robelin & Geay, 1975a ) estimated accurately the weight of fat and lean in the carcass (r.s.d. 3.36 and 3.90 for fat and lean respectively), although dissection of the 11th rib gave also good estimation of carcass composition, when used together with other predictors such as carcass weight, kidney knob and channel fat weight and the compacity of the hindlimb (Robelin & Geay, 1975b) . However, they proposed the use of the 6th rib as the easier and more economic method. Renand and Fisher (1997) also used dissection of the 6th rib as a predictor of carcass composition when comparing dierent methods of estimating the carcass fat content of young bulls. They studied the accuracy of dierent in vivo measurements such as handling scores, fat thickness measured by scanning, ultrasound velocity through the back and hind limb and the diameter of subcutaneous adipose cells, by reference to the carcass composition estimated from the dissection of the 6th rib. They obtained a relatively high correlation (0.71) between carcass fat thickness measured on the 6th rib and carcass fat content, estimated from the prediction equation developed by Robelin and Geay (1975b) .
The results of the present study gave lower correlation coecients than the work of Robelin and Geay (1975b) , who calculated regression equations to estimate carcass composition from the composition of the 6th rib joint and some carcass traits. They obtained values of R 2 = 0.942 for fat, R 2 = 0.996 for lean and R 2 = 0.902 for bone. This can be explained in part, because in the present work the animals were relatively homogeneous, in that they belong to the same breed and were slaughtered at a similar live weight (around 500 kg) giving carcass weights from 288 to 406 kg. However, the prediction equations of Robelin and Geay (1975b) were calculated from an heterogeneous sample of 80 animals of dierent breeds with carcass weights from 144 to 452 kg and carcass compositions of higher heterogeneity (fat weight from 14 to 61 kg, muscle weight from 98 to 352 kg and bone weight from 25 to 52 kg) than the animals used in this study (Table 1) .
In the literature, carcass composition was less well predicted by dierent carcass traits and in vivo measurements than in the present work (Laville, Martin & Bastien, 1996; Renand & Fisher, 1997) . The correlations between morphological traits as single predictors of carcass composition obtained by Laville et al., (1996) were moderate or low (r=0.69 for muscle weight, r=0.48 for fat weight). Only when using several carcass traits as predictors did they obtain a high ®t for the prediction of muscle weight (R 2 = 0.98). For a sample of 136 young Charolais bulls Renand and Fisher (1997) found that the adipose cell diameter and the speed of ultrasound through the back explained 42% of the variance in fat content, a lower percentage than that obtained in the present study, where the fat proportion in the 6th rib explained 80% of the variance in the fat content of the carcass.
For the sample of young bulls in this study, the accuracy of the predictions obtained from the composition of both 6th and 10th ribs was similar, with low values of the residual standard deviation (<1.66%). However, dissection of the 10th rib tended to overestimate the proportion of fat as the fat content of the carcass increased (Fig. 2) . This could be due to the type of cut of the rib, that included the whole bone, a place where the fat depots increase as the fatness score of the carcass increases. This indicates clearly that dissection of the 6th rib is more appropriate to obtain the best estimation of the carcass composition, especially for the fat content, one of the most important carcass traits from the commercial point of view.
The results of this study support the conclusion that the composition of the 6th rib allows accurate estimation of the carcass composition, giving better prediction equations that the composition of the 10th rib and being the easier and more economic method.
